Summary: The multivesicular nuclear body (MNB) within the Sertoli cell nucleolus has been observed in the ruminant testis, but not in other mammalian species. Generally, the MNB is composed of vesicles, tubules and ribosome-like structures. This study has been conducted in order to clarify MNB formation during postnatal development. The testes were obtained from immature Shiba goats at 1, 2, 3, 4, and 5 months old, and from adults. They were fixed with 5% glutaraldehyde, postfixed with 1% OsO 4 , dehydrated in ethanol and embedded in Araldite-M. The serial cross-sections of seminiferous tubules were morphologically and morphometrically observed using light and transmission electron microscopy. In these Shiba goat testes, the MNB contained vesicles and tubules in various sizes, as well as ribosome-like structures. The volume of each Sertoli cell nucleus at each age (1, 2, 3, 4, 5 months old and adult) was about 269.3 mm 3 , 327.1 mm 3 , 361.3 mm 3 , 431.2 mm 3 , 525.0 mm 3 , and 760.4 mm 3 , respectively. The average number of vesicles per Sertoli cell nucleus was 0, 7.4, 11.1, 12.3, 15.5, and 32.7, respectively. At 1 month old, one or more nucleoli with fibrillar components were identified in the Sertoli cell nucleus. No MNB was observed. At 2 months old, a MNB first appeared, though it was underdeveloped and infrequently encountered. At this stage, a MNB, consisting of a small amount of vesicles and ribosomes, was located in the peripheral region of the nucleus. At later stages (3, 4, and 5 months old), MNBs gradually developed, increased in number, moved from the periphery to the central region of the nucleus, and associated with the nucleus to form a well-developed MNB. In the adults, the Sertoli cell nucleus displayed a welldeveloped and large-sized MNB situated in the central region.
Sertoli cells correspond to the main somatic cell component of testes, and play a crucial role in the control of spermatogenesis in mammalian testes. The Sertoli cells lining the seminiferous tubules fulfill many functions. They provide physical support to spermatogenic cells, form the blood-testis barrier and secrete protein products thought to be essential for the control and coordination of spermatogenesis. Sertoli cells are also known to secrete fluid into the lumen (Levin and Marsh, 1971; Cheung et al., 1977) .
Common scientific understanding dictates that the ruminant Sertoli cell differs from other species by the presence of certain peculiar structures, including the multivesicular nuclear body (MNB) (Terzakis et al., 1965; Zibrin, 1972 Kurohmaru et al., 1992) , and irregularlyarranged microfilament bundles at the ectoplasmic specialization (Bielanska-Osuchowska and Sysa, 1981) and nodular processes (Curtis and Amann, 1981; Steinert, 1984) . Among those structures, the present study focused on the postnatal development of the MNB in the Shiba goat Sertoli cell from an ultrastructural viewpoint.
Although the postnatal development of ruminant Sertoli cells has been reported by several researchers (Sinowatz and Amselgruber, 1986) , no information is available on the postnatal development of the MNB until now. Further, although ultrastructural studies on the Shiba goat Sertoli cell have been reported (Kurohmaru et al., 1987; Jurado et al., 1994) , they were carried out only at the adult stage. Due to these factors, and because Shiba goats are easy to handle, they were chosen as an animal model.
In the present study, the Sertoli cell nuclei of immature (1, 2, 3, 4, and 5-month-old) and adult Shiba goats were morphologically and morphometrically examined using light and transmission electron microscopy to elucidate the formation of the MNB during postnatal development.
Materials and Methods
Eleven male Shiba goats at various ages were used in this study. They were provided from the stock farm of the University of Tokyo. The testes were obtained from 1-
, and 5-month-old (n ¼ 1) immature Shiba goats, and from adult Shiba goats (n ¼ 2). The testes were surgically excised under chloroform inhalation anesthesia. After washing briefly with 0.9% saline, the testes (for transmission electron microscopy) were perfused with 5% glutaraldehyde in 0.05 M cacodylate buffer (the needle was placed into the straight intratunical portion of the testicular artery), cut into smaller pieces of 1 mm 3 , postfixed in 1% osmium tetroxide/1.5% potassium ferrocyanide and embedded in Araldite M. Serial semithin sections (approximately 1 mm) were cut, stained with 2% toluidine blue and observed under light microscopy to obtain quantitative data on Sertoli cell nucleus volume.
For ultrastructural observation, ultrathin sections (approximately 60-90 nm) were cut, mounted on a copper grid, stained with uranyl acetate and lead citrate, and examined in a JEM-1200 EX transmission electron microscope at 60 kV. Serial ultrathin sections (more than 40 consecutive pieces) were cut and observed to judge the existence and distribution of vesicles or tubules, a component of the MNB.
Results

Light microscopy
In the Shiba goat testis, the Sertoli cell nucleus was easily discernible in the seminiferous tubules at all ages. The Sertoli nucleus contained one or two nucleoli (Fig 1a) . From the peripheral to the central region of the nucleus, pale chromatin was evenly distributed. The nucleolus was relatively dark. At the light microscopic level, a MNB could not be identified at immature ages (1, 2, 3, 4, and 5 months old). But, the vesicle within the Sertoli nucleus was observable at highest magnification in one adult case (figure not shown). At 1 month old, the location of the Sertoli cell nucleus was close to the basement membrane of the seminiferous tubule and appeared round or oval in shape. The seminiferous tubule contained only Sertoli cells and a few centrally located spermatogonia (Fig. 1a) .
At 2 months old, some changes could be qualitatively noted in the nuclear membrane. The infolding of the nuclear membrane was visible for the first time. The frequency of infolding correlated with the increased surface area of the Sertoli cell nucleus and became gradually more prominent with age.
At 4 months old, active spermatogenesis, in which a few elongate spermatids were observable, could be acknowledged for the first time (Fig. 1b) . Table 1 , displays the chronological changes of the number of vesicles and the volume of each Sertoli cell nucleus. The volume of each Sertoli cell nucleus and the number of vesicles per Sertoli cell nucleus gradually increased according to age.
Transmission electron microscopy
At 1 month old, only a few collagen fibers were visible in the basal lamina of seminiferous tubules. The seminiferous tubules contained only Sertoli cells and spermatogonia. Sertoli cells dominantly occupied the tubule, and were easy to distinguish from spermatogonia. The nuclei of each Sertoli cell at 1 month old still contained a small rim of heterochromatin were scattered throughout the nucleoplasm. The nucleolus also showed numerous flakes of heterochromatin (Fig. 2) . Vesicles and irregular tubules were unrecognizable within the nucleus. Thus, neither MNBs nor infolding of the nuclear membrane could be detected at this stage. At 2 months old, some vesicles with a few ribosomes infrequently appeared for the first time in the Sertoli cell nucleus (Fig. 3) . The vesicles were restricted by a unit membrane and sometimes seemed to contain materials with a low electron density. They were apart from the nucleolus and situated close to the inner nuclear membrane. The structures were identified as underdeveloped MNBs, although they had no tubules and were not yet associated with the nucleolus. These underdeveloped MNBs consisted of vesicles, irregular tubules and ribosome-like structures (Fig. 4) . In some cases, the vesicles formed a cluster. In rare cases, vesicles and irregular tubules were not recognized within the nucleus. Thus, the number of vesicles ranged from 0 to 9. The average number was 7.4 per Sertoli cell nucleus (Table 1) . Another phenomenon at 2 months old was the infolding of the nuclear membrane.
At later stages (3, 4, and 5 months old), the number of vesicles and irregular tubules, and the depth of infolding showed a tendency to increase according to age. The number of vesicles per Sertoli cell nucleus was 11.1, 12.3, and 15.5 at 3, 4, and 5 months old, respectively (Figs. 3 and 5) . After 3 months old, the Sertoli cell nucleus without vesicles became quite rare. The other notable phenomenon was the detachment of single or clustered vesicles from the nuclear membrane. They seemed to shift their position close to the nucleolus and then to associate with the nucleolus (well-developed MNBs). However, some clusters of vesicles were still situated close to the inner nuclear membrane. In brief, from 3 to 5 months old, underdeveloped MNBs (not associated with nucleolus) and well-developed MNBs, the enveloped membrane of vesicles and a smaller vesicle within the vesicle were recognizable. At the adult stage, the infolding of the nuclear membrane was developed much beyond that in the immature stages. Vesicles and irregular tubules progressively increased in number and volume (Table 1) . Without exception, they were associated with the nucleolus. A well-developed MNB contained vesicles and irregular tubules. Furthermore, vesicles with the enlarged surface area were rarely encountered (Fig. 8) .
A part of the nuclear membrane revealed an indefinite appearance, and coincidentally some vesicle-like structures were located close to this area. Furthermore, vesicle-like structures seemed to move from the cytoplasm to the inner nuclear membrane. Thus, they may contribute to the formation of the MNB.
Discussion
In order to clarify MNB formation in the ruminant Sertoli cell nucleus, we examined Sertoli cells of immature (1, 2, 3, 4, and 5 months old) and adult Shiba goats.
At 1 month old, a MNB was not yet formed within the Sertoli cell nucleus of the Shiba goats. At 2 months old, vesicles and irregular tubules could be seen within the nucleus. Thus, MNBs appeared for the first time, though they were still underdeveloped. Vesicles were apart from the nucleolus. The finding was confirmed by the observation of serial ultrathin sections of the nucleolus.
At later stages (3, 4, 5 months old), underdeveloped MNBs gradually increased in size and number. Some vesicles were recognizable to show a chain formation (Fig. 5) , and were distributed be- tween the nucleolus and inner nuclear membrane. This finding suggests that the vesicles may migrate from the peripheral to the central regions of the nucleus and then gradually associate with the nucleolus to form the well-developed MNB. At the adult stage, the vesicles continued to migrate and attach to the nucleolus. Even after sexual maturity, the vesicles in the MNB seemed to be gradually more abundant in number and size.
These findings lead to the following hypothesis: First, the vesicles, originally located within the cytoplasm, migrate from the cytoplasm to the inner nuclear membrane. Then, they detach from the inner nuclear membrane, move to the nucleoplasm, accompany ribosomes and form the underdeveloped MNBs. Then, MNBs gradually associates with the nucleolus to form a well-developed MNB (Figs. 6-9) .
The chain formation of vesicles should reveal their transformation process from cytoplasm to nucleoplasm, although no clear hole was found in the nuclear membrane. Perhaps this is due to something called an open gap. The open gap, not a break in the nuclear membrane, has been suggested by Terzakis (1965) as a window for the nucleolar channel system to migrate to the nucleoplasm. It has been proposed that the migratory activity of vesicles is a consequence of the communication between the peripheral nucleoplasm and the cytoplasm (Zibrin, 1972) , while Terzakis (1965) indicated this communication in the human endometrium. Similarly, Osman and Plö en (1979) suggested that the MNB might be able to communicate between the cytoplasm and the perinuclear space. As Zibrin (1972) suggested, the vesicles might play a role in the exchange of materials between the nucleus and cytoplasm. Unfortunately, more detailed evidence on the migratory activity of vesicles was not demonstrated in this study. A further study is necessary to clarify this process.
In this study, the number of vesicles per one Sertoli cell nucleus and the volume of each Sertoli cell nucleus were measured from animals from 1 month old to adult. The volume of each Sertoli cell nucleus and the number of vesicles coincidentally and gradually increased with age. This finding suggested that the exchange of materials between nucleus and cytoplasm might gradually increase according to the development of Sertoli cells. Fig. 9 . MNB formation during postnatal development. Vesicles may migrate from the cytoplasm into the nucleus through an indefinite nuclear hole. Vesicles gather to form underdeveloped MNBs. Then, they move from the periphery to the center of the nucleus, and associate with the nucleolus. Thus, a well-developed MNB is formed.
